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CHAPTER I 

IHTROPIJCTIOH 

i Rake as a communication system to combat against 

’ty' 

fading and intersymbol interference has been discussed by 

A 

Price and Green'. Here the multipath components are 
isolated by correlation technique at the receiver, by using 
wideband noise coded signal for mark and space. These 
components are added, after applying a weighting coefficient 
derived from -the channel measurement and introducing a 
delay so that they are brought to phase. Rake technique 
can also be incorporated to find the randomly varying inphase 
and quadrature components of g(t,!^) ( linear time varying 
impulse response of the channel ). Prom a record of g(t,^ ) 
the multipath structure and Doppler shifts can be obtained* 
It is also possible to calculate scattering function which 
gives the distribution of received signal energy as a functioi 
of multipath time delay and Doppler frequency shift. 

Channel sounding experiments have been successfully conducted 
using Rake Technique by Barrow and Berkimier^ ' j 

•w^n this report -inr-Chapter'Il description and 
characterisation of tropochannels are presented, 
deals with the channel sounding experiments using Rake 
technique. Two types of existing Rake systems and the 
proposed scheme are given. 
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Generation of wide "band noise like signal 

( PN sequence ) using shift registers, properties of 

are 

such a signal and hardware design is considered-^ias^iGfeapter-.. 


Chapter ¥ is dex/otedH:o description, design 

and working of current switch,' 

Chapter ¥I concludes the thesis, 

References : 
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3, Birkemeier, W.P, et al; " The Identification of atmospheri 
Refractivity Structure Using Forward Scatter Rake 
Techniques", Lecture notes of the Intensive Course on 
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In this chapter a brief description of 
tropospheric propagation, tropochannel model and mathematical 
relationships are dealt. 

2-1 Tropospheric propagation ; Troposphere is the 

region above the earth which can be used as a channel 
for transmission of microwaves in the UHP or SHF bands, 
between two points, located on earth's surface, separated 
by a distance of about 70 to 600 miles. Such a system 
using hi^ power and large directional antennas., can 
surmount ground obstacles, provide high grade multichannel 
service and high propagational reliabiliigr , It has 
unique advantages in inhospitable terrain where other 
methods of communication is impractical. It also provides 
an excellant spectrum ulilisation and offers a high degree 
of security compared to other methods of communication, 

A communication system based on tropospheric 
propagation utilises the scattering of electromagnetic 
waves due to atmospheric turbulance. The turbulence 
produ OSS blobs of atmosphere ■vhose refractive indeces are 
different from the surrounding medium. Mien a microwave 
signal is transmitted, the signal is scattered in all 
directions by these blobs. The scattered components which 
are in the forward direction produce a field at the receiving 
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station. Thus the propagation medium contains several 

paths from the transmitter to the receiver. Different 

layers of scatters give rise to different electrical 

path lengths and hence the components arriving through 

these paths have different propagation times. The loci 

of all scatterers which give rise to identical 

propagation time form an ellipsoid with transmitting 

and receiving antenna phase centres as foci. The random 

motion of scatterers cause the components (echo) from 

various paths to arrive at the receiver at randomly 

varying delays and amplitudes. The total received signal 

is a vector sum of individually delayed signals. If we 

consider a single tone type of transmitted signal of the 

form A sin w t, the received signal is 

m 

R(t) = T A^(t) Sin ( W^t + (p ^(t) ) (2-1) 

i =1 

IS 

where m^np of scatterers, Aj_(t) and <|)^(t) are random 
processes. The amplitude and phase of ihe received signal 
thus varies with time over a given channel , These can 
be 'separated into short term (over a period shorter than a 
few minutes ) and long term ( hourly median levels over 
a langer time e.g, a month or a year ) variations. 

In short periods the amplitude variations are described by 
Rayleigh distribution aid the phase is uniformly distributed. 
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Thus the probability density of envelop of R(t) is 


given by 


p(r) 





( 2 - 2 ) 


and 

is 


the probability density 
given by 


ki 


P {,9} of phase of R(t) 

’'A'- 

- IT < e < "H* 


2-2 Model of Tropo channel ; The tropo channel can be 
considered to be a linear time varying band pass filter 
the impulse response of which is a G-anssian process. 

Let z(t) be the complex envelope of the signal input, 
g'( t^ .1 ) complex equivalent low pass iflipulse response of 
such a filter ( response at time t due to an impulse at time 

(t -'^ ) , Then complex low pass signal output w(t) is 

oo 


w(t) = 


(2-3) 


g(t,<^ ) z (t-'l ) 

" — Oo 

This equation leads to a model in which g(t,^ ) d^ 
is the complex gain produced by stationary scatterers that 
give rise to delays in the range (^^^+d^). This is 
illustrated in fig (2-1) with a densly' tapped delay litte. 

d_biL__ 

g(tLJ isEHSiY TAPPi;:!) j)elAt mne ~\ 

< ■ " ■ . » ^ 


c 


i 



ADDER 


w(t) 


Eig. 2-1 .Densly Tapped Delay Line Model 
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If z(t) is liand limited to - W2'\.f ^^2 from 

sampling theorem 

6o "ffi 

z(t) = Vz (m) 2iB W ( .. * - - ~e» . J . . (2-4) 

iU— ¥ W(t-m/^ ) 

nniA -ho 

Further when the input and outputs of a wide hand filter are 
so chosen as to lie in a narrow bandwidth with the same 
centre frequency, we can replace the wideband filter with 
an equivalent narrow band filter. 


The lowpass time variant transfer function of the 
channel is given by 

CO 

T (t, f ) = ( g (t, 

- 1.00 


t 


- 3 2l\fs 

) e i d^ (2-5) 


This is also a zero mean Gaussian process. If 
the signal is bandlimited to - W /2 <C^ 
equivalent lowpass time variant transfer function band 
limited to - U /2 <C ^ 

T^ (t, f ) = (' T (t,f) ^f \ < W /2 

I 0 ]A >y/2 


and the equivalent lowpass time varying impulse response 
for the channel corresponding only to its lowpass 
transfer function band limited to -w/ 2 <^ f w/g is 
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(t, f ) 


3 2Tif 


1 


df 


(2-7) 


Prom Sqns . ( 2-5 )&( 2-4) we can show that 

00 

w(t) = \ Sti ( t> ) z ( t- m/,_,) ..(2-8) 


Vf 

'T:- -00 


w 


Prom eqn. (2-8) we see that with signals 
band limited to - w /2 <( f 2 j enou^ if we' 

consider effective impulse response (t,^) at intervals 
of ^ . Putting g(t, )■= -^ Se 1 ^ ••• 


and from Eqn. (2-8) ^ ' we arrive at the 

tapped delay lime model of the tropochanael given in fig. 

( 2 - 2 ). 



Pig. (2-2) 

Tapped delay line model of Tropochannel 

If we consider short term fading where the 
amplitude is Rayleigh distributed then g(t, ) > i= 1,2..n 
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and hence wCt) are zero mean complex Gaussian processes 
with identical quadrature components. 

The tapgain correlation function ( or multipath 
time covariance function ) of ¥SS ( wide sense stationary ) 
channel is defined as 

T) = g^(t,’:^)g(t+'(;',i^) 

... ( 2 - 10 ) 


For a WSSUS ( wide sense stationary uncorrelated 
scattering ) channel it is of the form 


Q(5^,n, t)= Q .*.(2-11) 


Q (^, 0 ) is called the delay power spectrum or multipath 
intensiiy profile. It gives the intensity of iiie scattering 
or reflection process at relative propagation delay , 
Fourier transform of tapgain correlation function is called 
scattering function. For a WSSUS channel it is given by 



,^ ) = 


Q(y ^ ) e 


■5 US' 


dt 


~(>0 


( 2 - 12 ) 


S describes the relative intensity of all scatterers 

whichgive rise to a propagation path of relative delay ^ 
and Doppler shift “t). 
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In channel sounding experiments using Rake 
System, the interest is to get a continuous record 
of quadrature components of g(t, ). Prom these data 
the tapgain correlation function, dslay power spectrum 
and scattering function can he obtained. 


f 


References ; 

1 , P.A, Grunther: " Tropospheric Scatter Communications 
Past, Present And Puture” IEEE Spectrum pp 79-100 
September 1966, 

2, P,A. Bello: "Characterisation of Randomly Time Variant 
Linear Channels" IEEE Transaction on Communication 
Systems pp 360-393 Dec. 1963. 

3, M. Schwartz, W.R, Bennett and S. Stein "Communication 
Systems and Techniques" McGraw Hui 1966 . 
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CHAPTER III 
CHANNEL SOUNDING 

In this chapter channel measurements using Rafce 
technique are considered. Two existing Rake systems and 
the proposed scheme are given. 

3-1. Rake Syste^: Rake as a communication system is 

designed to work against the combination of random 
multipath and additive noise disturbances. This has been 
proposed by Price and Green , It is shown by Bello 
that at high data rates other modem techniques improve 
system perform an os, Por 'developing the optimum modem 
techniques the channel characteristics are to be known 
which is obtained by channel sounding. 

In channel sounding experiments, using Rake 
principle, the interest is to get a continuous record 
of quadrature components of channel inpulse response 
g (t,^) and to investigate the fluctuations in signal 
amplitude and phase caused by fading. Prom this data it 
is also possible to observe multipath structure, Doppler 
shifts and calculate the scattering function which 
adequately characterise the tropo channel. 

Very short periodic pulses spaced sufficiently 
apart so that the multipath response die out between 
successive pulses, can be used for channel sounding. 
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The disadvantage is high peak to average power ratio. 

In a rake system this is overcome by using a constant 
amplitude signal; a radio frequency carrier that is 
pseudorandomly modulated in phase by a PN sequence 
obtained from a PN seqsnce generator. 

The transmitter in a Rake System consists of 

mainly 

(i) a highly stable oscillator from which other 
desired freqiencies are synthesised. 

(ii) PR sequence generator 

(iii) Phase modulator 

(iv) Bandpass filter. 

The receiver consists of 

(i) highly stable oscillator (synchronised with the 
transmitter oscillator ) and frequency synthesiser, 

(ii) Mixer 

(iii) IP amplifier 

(iv) Demodulator 

(v) PRseqience generator 

(vi) Two correlators at each Rake tap one for estimating 
inphase and the other for quadrature component of 
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At tile receiver the received signal is 
demodulated to get the inphase and quadrature components. 
This can be achieved by using the arrangement given in 
Pig. 3-1 




Inphase compo- 
nent 



Quadrature 

component 
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After seperating the inphase and quadrature ‘ ; 

components of the received signal it is cross correlated i 
with the shifted version of the PN sequence, i 

Considering a segment of transmitted PIT sequence ; 

-4 I 

» (t) of duration T ). Since the signal is | 

band limited, from eqn, 2-8 and 2-9, the ihphase component ! 
of the received signal (t) can be represented as i 

1 I 

Wj_(t) = y ) z (t - S ) o<t CT (3-4 

j 

where g^ (t, ) is the ihphase component of g(t, . I 

A replica of the PIT seqience delayed by k/^ is available 
at the k”*"^ tap of the receiver (Pig. 3-2) which is cross 
correlated against W|^(t) to get 
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1 1 Vw 

Sjj-i = z* (t -k/^) w^(t) dt (3-5) 

co/K/w 

VT.-t 

is assumed to remain constant over the integration 

period whi di is approximately equal to the period of ihe PN 

sequence. If I the finite length integral can he 

approximated hy its average over the ensemble of adl possible 

T length segments of z(t) which gives 

rT 

R( T ) = \ 2* (t) z (t+t) dt. (3-7) 

Ihe shifted version of PN sequences has 
autocorrelation funcl^ion, R( "^ ) = - 1 for allt'j^o and 
R(0) = 2^-1, viiere n is number of shift register stages. 

(The generation-Sproperties of PN sequence are dealt in 
chapter lY). Hence s^^ reduces to 


^ki ^ Si ^k^ ( 5-8 ) 

Similarly we can get s^^^' ^ ...(3-9) 

Ski ®kq estimate of inphase and quadrature 


'fell 

component of k’- tapgain respectively. 


uwCt,- . 

1 

1 - - -r. -ti- - 


P 

l—S-H 

1 

H 

—in 

C 




lG,er,.\ 

i 1 

*— n; 


t 

1 

1 

^ 







X 




I'ig. 3-2, Rake laps. 
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3-2 Sylvania Rake 
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Eig. 3-^ Transmitter And Receiver of Sylvania Rake System 
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In this system the signal processing is done 
digitally. The transmitter and Receiver block diagrams are 
given in fig. 3-3. A 5 MHz high stability oscillator 
synthesises all the frequencies ■ req_uired. The PN sequence 
is obtained from a 10 shift register at 10 MHz 

clock rate. The phase modulated carrier is transmitted 
at 870 MHZ with 10 MHz band width. 


After demodulation -the quadrature and inphase 
components of the signal are obtained in binary form. The 
components are then cross correlated with the- shifted 

version of PH sequence by bit by bit mod-'2 addition and 

"till 

counting, at the ten Rake taps. The output of the m pair 

of counters give 'the estimate of the components of channel 
response g(t, ) corresponding to the delay m*^ . 

Barrow has shown that the counter output gives minimum 
error estimate of gCt,"^ ) under low SIR conditions of the 
received signal. Hence G-aussian noise is added deliberately 
at the IP stage. The dynamic range of this Rake system is 
about 20 dbc 


3-3. 

WINCONSIN RAKE: 

1 

Preq, 

Svnth. 

--^Pliase Mod ” 

[ 

1 ^ 1 6Bit’ PNSeq.Gen, 1 

‘L- 

3 ^ 


C 


5MHz Stab.©c . 


TRANSMITTER 
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H mixer 


100 MHz 500KHZ 

— 



-'I- 


eSiS’ mz 


1 


1 

500iCHz i 0 



1»0.5 MHz 

Phase 

1 i 

' 500 m ■ 

L 



} 

1 


H; 


/2 


— ’ i ilmplituaj ^ Amplitude 

Shifted [Detector 


version 
of PN Seq. 


^ 3-^ RtCEivtR 


The transmitter and receiver hlodc diagrams 
are givenin Fig. 3-^ , This system employs entirely analog 
signal processing, with good gah stability and frequency 
stabilities the dynamic range is about 80 db. 


3-4 Proposed Scheme: 
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The transmitter and receiver diagram is given in 
Pig, 3-5. The synchronisation between transmitter and receiver 
is achieved by using 5 MHz Rubidium cloch from viiich all the 

I 

other desired frequencies are synthesjsed. These clock 
frequencies are periodically checked. Part of the hardware 
which can be used from the already existing transmitter, 
is incorporated . 15 Bit shift register generates the PH 

sequence which is transmitted at 10 Mega baud rate after 
phase modulation. The final carrier frequency is 2100 MHz. 

At the receiver the received signal is heterodyned 
with 2160 MHz to get IP of 60 MHz which is then resolved 
into inphase and quadrature components by product 
demodulation. These are then cross correlated with the 
shifted version of the reference PH sequence at 15 Rake 
taps having two correlators at each tap one for inphase and 
one for quadrature component. The correlation is achieved 
by using current switch which is the heart of the system. 

The system description, working and hardware design of current 
switch is given in Chapter V. In this system the signal 
processing is done throughout in the analog mode. 

The expected dynamic range is 80 db. 
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Appendix 3 


1* Seperation of inphase and quadrature components of 


a complex signal: ( Pig. 3-1 ) 



Considering a modulated signal with carrier frequency 

Wq of the form a(t) = ^ ("t) | cos 

+ cp(t)] ■ 

(1) 

= Re r u(t)e^^o'*' \ 

/ 

(2) 

whereat) = ^(t) is the complex envelope 


of the signal 



^(■t) =^(1c^cosCf (t) + sin cf> (t) 

(3) 


= u^(t) + j 

(4) 



u-(t) is the inphase component and u (t) quadrature 

component of the complex envelope of a(t) 

Prom eqns. (2) and (4) we haWe 

a(t) = u. (t) cosw t - u„(t) sin w t 
1 o q 0 

These components can he separated hy synchronous 

detection with cosw^t and sinw t as the local reference 

u , 0 

carriers , 

Thus the product a(t) cosw^t gives Uj^(t) and 
a(t) sinw^t gives after passing through the low 

pass filter. 
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CHAPTER IV 

PN SE'^UEHCE GENERATOR 

In this Chapter a brief account of Pseudohfoise (-PN) 
sequence, its hardware realisation and testing are given, 

4-1 . The PN sequence is a binary sequence obtained from 

shift registers with suitable feedback connections. The 
feedback logic is obtained from the characteristic 
polynominal of the matrix whi di relates the successive 
states of the shift register. Considering a 3 bit shift 
register shown in Fig. 4-1, the states of ihe network is 
comple tely 

Fig. 4-1 . 

described by the shift register outputs and at 

any time. The inputs X^ , X^ ,&X^ to the shift register^ 
becomes the next value of the shift register outputs. 

These inputs may be expressed as mod - 2 sums of the present 
outputs of the shift registers by means of a system of 
linear equations, 

X^ 0 + X^ + X, ) 

1 2 3) 

X 2 - + 0 + 0 j 

. ) 

X^ = 0 + X 2 + 0 ) 



(4-1) 
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These equations can he expressed in matrix form 


x”” 

I 

1 

/ 

^2 

i 

4 , 

L J 

1 


I 0 


1 0 

0 1 


1 

0 

0 




* 



^2 




( 4 - 2 ) 


or symbolically as 

x' 


= TX 


( 4 - 3 ) 


where X stands for the present state of the shift 
register, X stands for the next state and T represents 
the matrix of zeroes and ones relating the^resent and 
future states . This is called the T matrix representation 
of the network. If X is the initial state then the sequence 
of states throu^ which the shift register will pass 
during successive times is given by 

X, TX, T^X, T^X ... 

The sequential properties are derived from -the 

-1 

algebraic properties of T, The inverse of T matrix, T 
can be interpreted as the operation that takes the network 
from a given state to the state that immediately preceded 



4-3 


-1 

it in time. If T exists and unique for each, possible 
state tiler e is a unique predecessor, and the network 
is called non-singular. A matrix T has a unique inverse 
if and only if its determinant is not zero. In the above 
example • 


-1 


T 


0 1 
0 0 


0 

1 


and 



1 0 


1 


(4-4) 


The sequential behaviour of a network may be represented 
by a state diagram where the nodes represent the states 
of the network and arrows joining the nodes represent the 
allowed transitions. The number of nodes in tiae state 
diagram for a mod-p-network with n delay elements 
( Flip flops in binary ) will be p^. Por deterministic 
networks where the present state uniquely determines the 
next state^ exactly one arrow leaves each node. Por 
deterministic and nonsipgular networks each node will 
have exactly one arrow leaving and one arrow entering it. 
Applications of network equations (4-1) yeild the state 
diagram shown in Pig, 4-2. 
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It consists of 1 cycle and 7 cycle. The one grcle is 
the trivial one^ from the initial state (000) which goes 
into itself for linear network. All the remaining 2 -1=7 
states form a single cycle. This indicates that the 
network is a maximal cycle network. The fact that the 
network is a maximal cycle network can he found by 
considering the chracteristic polynomial without 
considering ihe state diagrams. The characteristic 
polynomial of the T matrix is 

T - X I where I is the Identity 

matrix. 


Cp( X ) = 


In the above example it is 

X 1 1 

1 -X 0=x^+x+1 ( 4-5) 

0 +1 -X 

The coefficients are reduced to moduls 2 arithmetic 



( 0 ) = j T j = 1 

A square matrix satisfies its own characteristic polynomial 
equation. Thus 

C|) ( T ) = T^ + T + I = 0 ( 4-6 ) 
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The matrix period is the smallest integer k for- •which 
T^ = I. Thus T^ X = X for any initial state X. is is found 
from the characteristic equation, 

Prom e ( 51 . 4-6 T^= T + I 

T^- T^. T = (T+I)^ T' = (T^ +I)T = T^+ T = I 

Hence t"^ = I 

To find matrix period itis sufficient to find 

an integer k such that the polynomial <^(x) divides x 

■without remainder 
k . 

If X -1 = (fp(x ) q (x) 

we have T^ - I = <j)(T) q (T) = 0 
so that T^ = I 

The smallest suc±l integer then determines the period . 

7 ^5 3 2 

In our example we find x -1 = (x''^ + x +1 ) (x''^+ x + 1 ) 

n 

( x - 1 ) . The above factors of x -1 are irreducible 
i.e. prime factors. 

Maximal period network : A maximal perbd linear sequential 

network with n delay elements is one for which the 

state diagram consists of one cycle of length p -1 plus the 

*h 

trivial cycle. It has been shown by Zierler that a necessary 
condition for a binary linear' feedback shift register to 
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have maximal period is that the characteristic polynomial 
be irreducible. 


The necessary and sufficient condition for 
maximalily is that<|?(x) be irreducible eind that it not 
be a divisor of x -1 for any integer k v p -1 . 

. , I The generating polynomial g(x) is defined as 

The i4eak ^e>->eTw}rc| bj W ^ftU|-ncvttAia>.U yd otWlo X l ^ CCl 

(x -1)/(p(x) ^ whose coefficients ( 0 or 1 ) are the ’ 
sequence bits. 

Table I shows all the binary irreducible poly- 
nomials through n = 5 along with the corresponding 
pej±)ds. 

Table I 


Binary Polynomials 


Coefficient of 

0 12 3 

X X X X 

0 1 

1 1 

1 1 1 

4 

X 

x5 

Period 

Singular 

1 

3 

Feedback 

0 

1 

1 1 

Coef fi ciaifcs 


1 

1 

0 

1 



7 

0 

1 

1 



1 

0 

1 

1 



7 

1 

0 

1 



1 

1 

1 

1 

1 


5 

1 

1 

1 

1 


1 

1 

0 

0 

1 


15 

0 

0 

1 

1 


1 

0 

. 0 

1 

1 

'l 

15 

1 

0 

0 

1 


1 

0 

1 

0 

0 

1 

31 

0 

0 

1 

0 

1 

1 

0 

0 

1 

0 

1 

31 

0 

1 

0 

0 

1 

1 

1 

0 

1 

1 

1 

51 

1 

1 

0 

1 

1 

1 

1 

1 

0 

1 

1 

31 

1 

0 

1 

1 

1 

1 

0 

1 

1 ■ 

1 

1 

31 

1 

1 

1 

0 

1 

1 

1 

1 

1 

0 

1 

31 

0 

1 

1 

1 

1 
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The feedback logic for maximum length sequence 
is given upto 20 stages in Table II. 

Table II 


No. of stages 

! Peedback 

No. of Feedback Logic 

logic 

stages 

m 


m 

1 . 

^-1 


2r 

CM 

1 

1 

11 


3. 

^-3 

4. 

V ^-3© ^-4 

13. (J) © Xn-12©©-13 

5. 


14- V ’Sa-2®©-12©©-13 

6. 


©1^-14 

7. 

=Si-7 

15- ©=■ 

8. 

V ^-^^-3® 

1«- V iSi-n ^ V13 + I'n-li'"©- 



l"^- ©= iSi-14©©-17 

9. 

V ^-5 ® ^-9 

1®- © = ©-11 ®iSi-18 

10. 

^-7® ^^-10 

19- iSi-14 ©iSi-17®©-18 


■12 


^-17®'Sl-20 


4“2 Properties of PF sequences ; Maximum length shift 
register sequences have the following random'Vsiess properties, 

4-2-1. Balance property : In each period of the sequence the 
number of ONE’S and ZEROJ^’S differ'“bj atmQsiiijl. . ■ 


I 


i, i 




I /'rwTftAL I 
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4-2-2. Run, pro-perty ; Among the runs of ONE’S and zero^’s in 
each period one half the runs of each kind are of length one, 
one fourth of each kind are of length two, one eighth are of 
length three end so on, 

4-2-3. Correlation property: If a period of sequence is 
compared bit by bit with any cyclic shift of itself the 
number of agreements differ from tie number of disagreements 
by at most 1 . 

The PN sequences are important because of their 
correlation properties. The normalised correlation of such 
a sequence is defined as 




A - D 


A + D 

Where A is no, of agreements 

D is no. of disagreements 

is no. of cyclic shifts. 

At zero time lag i.e. for'^= 0 th e peak value of is 1 

for all other values of T it is — * This 

^ . 2 “"- 1 

property is analogous to the correlation property of the vhite 

neavl-y 

noise. The sequence is^orthogonal to the cyclic shift of 
itself. When the no. of stages is very large, a moderately 
long segment of the sequence will exhibit the same auto- 
correlation property. 
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4-3 Hardware Design : The period of PH sequence must 
be at least as great as the multipath duration. If it is 
less, paths of seperation equal to a period or its multiple 
will be indistinguishable. Secondly the autocorrelation 
peak value ( 2^- 1 ) must be veiy much larger than its 
minimum value, - 1. A 15 stage shift register sequence 
will have a maximum sequence length of 2 - 1 , (32,767 bits ) 
and at 10 MHz clock rate the period is 3.2767 m sec. The 
feedback logic is the mod-2 sum of 14^^ and 15'*'^ stage 
output fed back to the first stage. ( See Table 4-2 ). An 
adequate period of 3.2767 m sec., desirable autocorrelation 
levels and simple feedback logic favour the choice of 15 stages 
for the PH sequence generator, 

¥e have already seen in Sec. 4-1 that the circuit 
remains in the trivial state ( zero state ) if all the 
shift register outputs are’ O’. To avoid such a situation 
we comi'iience the sequence from a reference state of all ’1’s, 
we use a Schmitt trigger, and a 2- input OR gate along 
with the EXCLUSIVE OR to achieve this. 

The EXCLUSIVE OR gate output is connected to one 
of the OR gate inputs. The second input to the OR gate 
may be connected either to ’ 1 ’ ( + 5V ) or ’ 0’ (ground) . 

The initial state of all’1’ ’s can be achieved by giving’ 1 ’ 
input to the OR gate, when 15 clock pulses are given all 
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the shift regi sters store ’ 1 ’ . Now i f the OR gate input 
is made zero, the output of the OR gate is the same as 
EXCLUSIVE OR gate and iiie generator gives out PN sequence. 

A switch which is connected either to + 5V or’ ground can give 
’ 1 ’ or ’0’ input to the OR gate. Because of contact 
hounds the transitions from ’1' to'O’ will not he fast, 

A schmitt trigger with fast transition is desirable under 

i 

sudi circumstances. The schematic is given in Pig, 4-3. 

The if ted version of the PN sequence is available at each 

of the Q outputs of flip flops. 



Fig. 4-5, 15 stage feedback shift register 
for generating PN sequence. 

EXCLUSIVE OR gate: The realisation of 2-input EXCLUSIVE OR 
Logic using 4- NANL gates is given in Pig. 4-4. 



Pig, 4-4 


Exclusive OR Gate 
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" 01 '* gate and Schmitt Trigger:- lour 2-inp'ut FOR gates 
are used as in Pig, 4-5 for the OR gate, and Schmitt trigger, 

5.6 k:A- 


150 JL 



+SV ^ 



^1 

To 


Pig. 4-5 Schmitt Trigger and OR gate. 

When the Schmitt trigger input terminal is 
connected to + 5V supply the output of Schmitt trigger is at *1’ 
level. Hence the OR gate output is M’ whatever the output of 
Ex-OR gate and the shift registers store ’1’ in 15 clod 
duration. The input of Schmitt trigger is grounded after 
15 clock duration. The Schmitt trigger output now is ’0’ 
and the output of OR gate is the same as the output of EX-OR 
gate. Hence the generator gives out PN sequence, A push 
button switch is used at the input of the Schmitt trigger 
to connect it to either +5V or ground. 

To synchronise two such generators the schmitt 
trigger output of one generator must be given to the OR gate 
input of the 'second one. 
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4-4 « 'Testing: Since the length, of the sequence is 
2'^^-1 = 32 . 767 , at 10 MHz clock rate it is difficult 
to obtain a steady pattern on the oscilloscope, for 
checking the sequence. To ensure proper functioning 
of the PH sequence generator, two tests are done, 

4-4-1. Test I, Maintaining a clock width of 50 ns. 
(corresponding to the width at 10 MHz rate ), clock 
pulses axe given manually. The schmitt trigger input 
is connected to + 5V initially, to store M's in all 
the shift registers. It is then connected to ground . 

After each clock pulse input the output of the first 
flip flop Q _ noted. The output is checkedbit by bit upto 
about 650 bits. It is seen that the output floewg the 
expected pattern. 

4-4-2, Test 2: In this test only the 1®"^ and the 15”*"^ 
flip flop are taken into account. The test circuit is as 
shown in Pig, 4-6, This test is mainly to ensure that 
there is no logic hazard due to propagational delay. 



Pig, 4-6. Schematic Por Test 2, 
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3.87— 

0*27 



1 

Output of 


B(Q^) 


Fig. 4-7 Schematic For Test 2. 


The flip flop A is a toggle. Output of flipflop 
A changes its level for each clock pulse. The output of 
flipflop B remains at 1 \Aien Schmitt Trigger output is 1-, 
'With Schmitt trigger output at zero, whenever the clock 
pulse is given the input to B appears as output of B, 

In otherwords B is connected as D type flipflop \diich gives 
unit delay. The logic block in betweengives the same 
propagation delay, as in the feedback of the PU sequence 
generator. The observed wave forms are givenin Fig, 4-7. 

The two test results together ensure proper 
functioning of the PF sequence generator. 
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CHAPTER V 


CORRELATOR 


TRe system description, working and Hardware 
design of 'correlator are presented here. 

5-1. System Description; At the Rake taps of the receiver_, 
the inphase and quadrature components of received signal 
w(t) is cross correlated with the shifted version of the 
PN sequence using current switch. Mathenatically cross 
correlation of two periodic signals x (t) and y(t) is 
equivalent to the product of the two signals, with one of 
them delayed, which is then averaged over the period, with 
delay as the running varia'dle^as given in eqn. (5-1) 

( T ) = x(t) y (t +1:) dt ... 5-1 

where T is the period of x(t) and y(t) . 

The block diagram representing the correlator is shown 
in Eig. 5-1 . 





Eig. 5-1 . Block diagram of correlator. 
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In our case the multiplier is the PN sequence 
having binary voltage levels corresponding to + 1 and -1 . 
Hence multiplication can be easily achieved, by a balanced 
current, proportional to the multiplicant , naiiely the 
signal voltage, as shovm in the Pig. 5-1. Integration 
is performed by passing the current through a capacitor 
and by measuring the voltage developed across its 
terminals. 

The switch position is decided by the PH sequence 

I 

level, when the PH sequence level is '1’ a current 
proportional to tie signal voltage '^''3 charges the 
capacitor C. when the PH sequence level is ’-1' the 
current ' proportional to v^ , discharges the capacitor 
C. At the end of one sequence period ( 3.276? m sec.) the 
capacitor voltage is sampled and reset to an initial voltage 
condition. 

Thus we must obtain equal and opposite currents 
proportional to v^ and a switch, switched by PH sequence. 

5-2. Voltage to current Transuder (VCT) ; As the name 
indicates the output current of the VCT is proportional 
to the input voltage . Consider the circuit in 
Pig. 5-2. 
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Tlie voltage T is applied to a high gain (a) 
amplifier, with a transistoi? in the feedback configuration, 
¥e see that the voltage at the node A is equal to the input 
voltage, if A tends to infinity. The current sink provides 
the bias current, for the transistor ( neglecting 
the input bias current of the amplifier ) . If a resistance 
is connected between node A and ground a current 
flows through , Hence the collector current, of the 
transistor is '’’s/ 

Thus the transcondu ctance of theYCT will be 


‘Kac /R^ ......... 5-3. 

Because of the bandwidth considerations an opamp 
of the type ^A 741 cannot be used in the circuit given 
in Pig. 5-2. Hence a simple finite gain differential - 
amplifier ( diff amp) is used as shown in Pig, 5-3. 
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Pig. 5-3riffamp. VGT 

rn.e transcoQiiictance and bandwidth considerations 
of the VCT using a finite gain amplifier are given in 
Appendix, 


5-3. Voltage to current Transducer with a balanced current 
output :- A differential voltage to current transducer 
(DVCT) is obtained by interconnecting two single ended 
circuits as shown in Pig. 5-4. The resistance is now 
connected to the second VCT as shown, 'j'^hen the inputs 
Vg and v^ are zero the potential at the nodes A and B 
are neminaMy- at zero volts and no current flows through R^, 
The collector currents of and are now °<ao h- 
v^ zero, node B will be at virtual ground.' _When v^ is 

Cxi" "vyo c|e A V ICV^ CVwc| I ^ 

1 applied^a signal component of current ig=K'Vg/ R^ flows 
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Fig. 5-4: VCT with, a balanced current output. 

through R^, Applying KCL at nodes A and B,if the base 
currents of Q 2 and are neglected, we ‘ see that the 

collector current of is c.(^^ 4- and 

that of is “<10 h - “^0^ is thus possible 

to get balanced current outputs proportional to signal, 

Ihe transcondu ctance is decided by R,^ and is approximately 
equal to . 

5-4. Ciurrent switch; Equal and oposite current outputs 
generated by the DVCT are to be switched by the PN sequence. 
Speed and coupling considerations make one choose the 
emitter coupled configuration, shown in Fig. 5-5. 
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J- 



Pig, 5-5 Current Switch, 


The bases of Qy and Q^q are connected to a voltage 

+ 2.^v so that Q- and Q ( of thehVCT circuit ) .are 

4 

biased properly. PN sequence levels are modified as 
2, tv ( -1 level ) and 3.5v ( + 1 level ). These are applied 
to the bases of the transistors Qg and . The collectors 
of Qj and Qg are connected together and a current source 
is provided as shownwhich cancells the dc bias current 
o^dc DVCT^ whichalso gets switched. Transistors 

Qo and Qq conduct when the PN sequence level is '+1*. 

^ r 

Under these conditions a current "^^ac 

flows through- the collector of Qg and a current 

[^dc h - °<a= ^ flows through the 

collector of the ■ transistor Qg . ( ^ is liie comoion base 

shortcircuit current gain o!f Qg and Qg ), A constant 

current source is provided as shown which cancells the d-c 

bias current and the net signal current changes 
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the capacitor C. Wien the PN sequence level ia -1 Qo and 
Qg are off and Qy and Q^q are on oC Ig - ®-t^ 

flows in the collector of Q^q and a current 

o< [o< 

dc in the collector of 

.'irj , Once again the current which discharges the capacitor 


is equal to signal component 


- 


s/R, . 


Since this current is switched at 10MHz, an 
opamp can not he used for integrating ( see Sec. 2. 
appendix ). 

Considering only the integrator part we can 
represent it by its equivalent circuit as shown in Pig. 5-6. 

is the equivalent output resistance of the two current 
sources, whose magnitude depends on the devices employed. 
Thus for a finite value of R^ we will have a pseudo - 
integrator ( lov/ pass filter ). The time constant R^C 
decides the cut off frequency of the filter and the 
circuit behaves as an ideal integrator for frequencies 
very much greater than 1/2f^R C . 


X-Cie^O 




Pig. 5-6 
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Under q.ujscent conditions ( i = o ) , if tde 

s 

coiiipGnsating current is not exactly equal to the "bias 

current, transistor, the difference 

current through givv-s rise to an output d-c voltage 

( I- ^ ) R = I, R , If the difference current 

^ dc B 0 d 0 

is considerable , the output voltage will result in a 
latch up condition, where the transistors operate in 
saturation mode. Since the difference current will be 
slowly varying with changes in ambient temperature, 
pov/er supply voltage etc, this results in a drift at the 
integrator output. To keep this drift voltage within \io 
of the dynamic range of the output voltage (Yj^) , the 
allovra.ble magnitude of the difference current I^ should 
be T _ 0.01 

^d ~ Rq 

Assuming a dynamic range of fV for the output and taking a 
typical value of 100 K for R^, must be within 0.1^1. 
Practically it is impossible to obtain such a close 
matching between I and over a wide 

temperature range. The situation can be improved by 
providing the feedback arrangement shown In Pig. 5-7. 

The functions of the feedback is to maintain the d.c. 
level at the output, at a particular value (5 volts, 
chosen for proper biasing of transistors). Any change^ 
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ill t!ie output d.c. level is compared with a fixed 
rofero-nce voltage ( 5 volts ), Tlie difference is 
amplified and passed through a low pass filter. The 
output of the filter is fed to the compensating current 
source as shown in Fig. 5-7. 



The compensating current source is designed using 
pnp transistors arranged in a configuration due to 
Wilson ( see appendix ) . This arrangement provides 
a unity gain current controlled current source (CCS) 
of hi^ output resistance and excellent linearity. 

The reference current whi di forms the input into the 
CCS is given by 
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It can be easily seen that if the capacitor 
voltage tends to rise,V^ also rises and is 
reduced, W.iich in turn reduces I so that the output 
d.c. is maintained at the reference value. The low 
pass filter is designed to have a cut off frequency 
much lower than that of the pseudointegrator, so that 
the integrated signal frequency components appearing 
at the output are attenuated. In other words, the negative 
feedback loop operates only for the drift components 
in the circuit. 


Consider the s domain relationship between the 

signal current I_ and the integrated output voltage Y 

s c 

given by ( 5-7 a) 

Vo = q z (a) 

where Z(s) is the .transfer impedance function. Considering 


only the ac components, the voltage developed across C 


is given by 


(Rj. s-7 ^) 


Vq “ ^ h “ (a CRjj+ 1 


c (s + 1/ 


(5-5) 


But = 


substituting in (5-5) we get 



o 


(5-6) 
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The diffamp and lowpass filter output after inversion 

1 

is given by V = x ^ _ .... (5-7) 


^1^2 


( s + 1 / C2 R2) 


Substituting for in 5-6 


= 


W~{ s+ 1, 




“cXs+ T/W 


After s implication we get, 


1/ Ra C 


: X 2 


+ l/rio ) ( ® I/R0 n) + 


R>, C 2 RC 




This can also be written in the foirni 


s +1/V2 ) 


0 f + 3 ( l/RjCg + 1 / 0 ^)+ (l/R^GjRO + l/RgOgCRjj) 

- ^ \ 


i..(5-9) 
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Vc 




(■ /^ + 1 / 3v [. a .) 

( i/st2+ Vs-c^) + (i/sVjT^ + 1/3^2?:; )"] 


where (, 2 


R 


2 ^2 



T - = 


C 2 , 



( 5 - 10 ) 


We sec that as s takes large values, the transfer 

impedance approaches that of ideal integrator. 

Prom 5-9 we see that thepeak value of Z(s) 

occurs at w = > » 

^ V 1/R^C2RG + I/R2C2 CR^ yacl/sea“( 5 -ll) 


Wp can he brought down hy increasing C 2 and R^ 


The* entire circuit of correlator is given in 
Pig. 5-B. 


5-5. Design: Current sink: - Referring to Pig, 5-8 
Ql 1 , ^ 14 » ‘5i 5> *^16 constitute the current 

sinks which provide the biasing currents to , Qg, 
ond Qg » 


The biasing current Ig is given by ( see appendix ) 


I = I 
13 


- h 

Rb ^ 


R^'' = 5IOA- 

Ohoosing = - 12Vand Rb= 7.51C, Ig is 1.45 mA. 
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f/hen the inputs to the D7CT are grounded, nodes 
-■i a 2 id B Hius t be at virtual ground, Therefore, under 
quisccnt conditions, the base voltage of (Q^) and 
collector voltage of (Q^) must be 0.7V. is chosen 
such that V^^ - = 0.7V. 

With V^^ = + 12V, Ig = 1.45 ml R^:4i 7.5 K. 

The bases of maintained at sc 2,5V, 

Therefore, the collector potential of (0.^)iCl.8V, If 
the input signal is within 1.8V the collector base junction 
of i.r^ and will be reverse biased. 

Compensating Current Source ; A supply voltage of 20V, is 
chosen^ to have a good dynamic range of the output voltage 
V^. Under qui scent conditions, with V^ zero ( Low pass 
filter output ) , R is chosen such that 

I = <?(«?( I-r. 1,45 ml X 0.96, 

V - 2 V 

1 = 1= — 2-^ ;; ( see appendix ) 

R + r( 

R^'^ = 510 , R = 16.2K is chosen. 

Low Pass Filter design : The differential amplifier integrator 
shown in Pig. 5.9, attenuates the signal frequency component 
of V^, The output voltage V^ of filter is 
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O 


'"r - t Vq - \) R; 

( aCjRj + 1 ) 


2 2 


R: 


s O^S. 2 ^ 1 



A d.c. gain of 100 is obtained by choosing 
R^= 100 Kaaid R 2 = 10M/L 

•1 

With 02= 1 the cut off frequency is ^ ^ = 0.1 rad/sec. 

0 ^2 "^1 

5-6 Icsting_; 

5-6-1: Pulse Eesponse; Por a periodic pulse at 10 MHz 
the response at node a (VCT output ) is observed. The 
input pulse level is 1 ? and rise tiae is 1 ns. The output 
voltage at node A is IV with rise and f alltimes 10 ns, 

5-6-2: D.C. voltages from -1 ,5V, to + 1.5V in steps of 
0.1V is applied and the DVCT output at node A is observed. 

The closed loop gain variation is from O .96 to 0.99. 

The output saturates above t,53V^ 



5-15 


5-6-3: Sy.n-.ietri cal square waye of amplitude + 1 V is 

applied at the input port 1, ( signal port ). The input 
port 2 ( PH sequence ) is kept at +-'1’ level and waveform 
at the correlator output is observed. (Pig. 5-10 -(Td) ) 

With the input port 2 at -M’ level the output wave foim is 
scon inverted .^Pig. 5-10 (c)j. The wave forms are observed 
from 1Hz onwards. Above 25 Hz linearity is observed. 

5-6-4: Frequency response of correlator: With input 

port *2' kept at +’1’ level the correlator output is observed 

for sinewave inputs with frequencies from 1Hz to 10 MHz, 

The magnitude plot V /V is given in Pigure 5-11 for two values 
of R.j ( 10K and 100K ), Por the values chosen , the frequency 



Pig. 5-10(a) Squarewave input (b) output when the 
PN sequence input port is kept at +’1/ level 
(c) output when PH seq. input port is kept 
at -*1’ level. 











Wp , at which the peak occurs satisfies eqn. 5-11. 

When = 1001C , above 25 Hz the response is similar 
to that of anideal integrator. When = 10K, above 
70 Hz the response is similar to that of an ideal 
integrator. 

Reference : 

1. George R. Wilson " A monolithic Junction PET 


npn Opamp" IEEE Journal of Solid State Circuits 
Vol. SC3 Ho. 4 Dec. 1968. 
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APPENDIX 5 


5-1. Trans conductance and Bandwidth of VCT: 

Referring to Pig, 5-3 ,( Chapter 7 ) the open loop 

h, • 


gain of diffamp is A^ = = 

tK? lASUdvl r)ol:afe>v>s. 


"fe I^e’ 


1+h. ’ H^T 

le 


R, 


Closed loop gain = 


feedlBck factor = 1 


Ihl 

A 


A. ^ "E 


in mA, 


o 


1 + Aq 


where is the 


With Ip = 1,45rnA, R = 7.5K, we get A = 415 and 
, u 0 




closed loop gain =-j 


1 + A. 


0.99. 




The tr :.nsconductan ce c£ VCT is /R 

o n' 


Bui- 




44k 


171= 0.2 for diffusion 
transistors 


, is the low frequency value of o( ( CB short circuit 

current gain ) and L is the frequency at which 

the CB short circuit current gain falls by 3 dB from its 

low frequency value, £ ^ '^4-e where f^ 

^ ^ T 

is the frequenny at which the short circuit CE current gain 


attains unit magnitude. 



v-(ii) 


= 1 ,2 for diffusion transistors. 


Therefore, "bandwidth of VCT f^ 
5-2: Opa.ap int egrator : 



Z: equivalent of soiorce aa d the input impedance of opamp, 

A: open loop gain of opamp. 

input, output of opamp. aOo : looj^ uj.cini' 

V ' (h - 1 ^ Pa\Tv^. ^ Q.^A4 

"x J v^ci ^ A 


Simplyfying ^ 

Putting , A 
Ho 


E, 


1 


E; 


A 


-p 


1 .) 


A. 


aid s imply fing 


f JL. I ' P/ 
1 


/ev " juizc|(y^^'-^ 3^0 + %KocD«acS 

neglecting iy ^ denominator^ 


£/ev - -V 


i 

IP 





V -(iii) 


for K? <.< 


U^oAo |)^ix:\vs,ch) 




'!■■ 


E', J 

The circuit behaves as an integrator for frequencies foo? 
less than the gain bandwidth product 


5-5: Current sink 


: Reference current 
: Output current 


//// 


f 


Short circuit CE current 


gain of transistors. 

Applying KVI to the loop ABC 

— c ir- 

Vq^ of Q, and Qg, are assumed to be equal to Y^, 



1 +• /f?2 \ 


SLaplifylng wa get, , I, 

tj. P» Cu h- 


* / / 


where I. 


ty Cfc-VcO/(ge+RO. 



V -(iv) 


5-4-: improved current source due to Wilson ; (Compensating 
current source in the Pig, 5-8), 








4 ^o||3^ 


P 


- -J~ 


■^4 - 


i- 




Ic/fi 


4^1.” I 


/I 


-<VW\A' fc. 


X 


Vp +- -^-/p 


/ 


Applying KVL to the lop containing and and assuming 
transistors are matched we getj 

=[u- 

Simplifying we get. 


Ir^/- - jR, 


to'- ^ 


/ 


r; 


1 i- u 

f 

h i4 N A V R 
k: ^ 5 ^ ■ Ki y 

0*4)1 

L * 

i"f\ 

pOt-^'7f<04 (i+^ 

L 


fr . n- 1 ,. i^//R 


/ 

I. 


vjU.. k/=Rz, ? 

' L' 


vA 


<l\rc 


1^'- Vc - ^Vct - ^h 



V- (V) 


In tlie improved current source (i) the errors due to the 
presence of base current is reduced by a factor of jp 

(ii) output impedance is increased by a factor of ^ 

(iii) Useful output voltage is increased to Fcbo- 
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CHAPTER VI 
COHCLUSIQIsji/ 

THe details of the ICs and devices used are given 
in appendix, Eor the PH sequence generator the JK master 
slave flipflops are chosen. However, if D type flipflops 
are used, the number of connections are reduced. Improved 
DVCT frequency response was observed when matched pair 
MD 91 8B was used for -Qg aid Q^q, and 2 N 3572 
for and Pig, 5-8), The bias currents of and 
are tobe matched . Hence a /uA 796 IC, where Q^, Q^, Q,^, 

^8» ^9 » ^10’ ^13’ *^14 *^15 chip, is 

used. 

It is assumed that the signal component of current 

i^ which charges the capacitor C, has zero average value. This 

is because the feedback configuration senses the d,c, level 

appearing at the capacitor output aid corrects it. 

In otherwords g(t, is assumed to vary very slowly with 

zero mean value. It is found that the minimum frequency 

to which the circuit responds is decided by w^, which in 

turn depends on ( 1 /R^ O 2 RC + I/R 2 C 2 RQC) ( eqn, (5“1'1) w can 

or 

be reduced by increasing R^,^C 2 ^ R^^. 
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The correlator can also" be tested by simulating 
the tropochannel with about 5 taps, where g (t,^ ) 's 
are varied using Gaussian noise sources. Samples of 
g(t, )’;8, obtained after correlation, at each of the 
5 t?.ps, can be recorded and compared with the record of 
respective Gaussian noise sources. 
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Appendix 





Pin connections 


Pin No. 


Card No.l 
( PN Seq. Gen.) 


Card No. 2 
( Correlator ) 

1 

• • • 

Output Q2 

« • • 

+ 12? d.c. 

2 

• • • 


« • • 

Test point DVCT output 
node A, 

3 

* « • 

^6 

« • • 

Test point " " 

node B. 

4 


^8 


y/ in put to BYCT 

0 

5 

• • • 

Q7 


PN seq. input 

6 

• « • 

Q5 


Test point Pin 8 of 

796 

7 


Q3 

4 • • 

Test point Pin 7 of pA 
796 . 

8 

• • • 

Ql 


-12V dc 

9 

« • « 

Qi 5 


Correlator output Y 

c 

10 


Q -13 


Not connected. 

1 1 


Q11 


Gnd 

12 

• • • 

% 


Not connected 

13 

• • • 

Clock 

• • • 

n 

14 


Clear (Rd.) 

• • • 

Yg input to BYCT ^ . 

15 


+ 57 dc 

• « • 

Not connected 

16 

• • • 

*^10 


!l 

17 

•. ft . • 

Qi2 

• • • 

I? 

18 

• • m 

Qi 4 

9 • 0 

tT 

19 

m • m 

Output of Schiuitt, . , 
trigger 

Test point 



% t f ' ' 

VI -'ll) 


20 

• • • 

Input to Schmitt 
trigger 

# • • 

3 ms pulse input 

21 

• # « 

Not come cted 

• • • 

+ 5V d.c. 

22 


Gnd 

• » • 

+ 20V d.c. 


Devi ce Details 

Since the details of the various digital IC's used 
in the PF sequence generator viz,, 

EC 700: Quad 2-input FAFD gate used as EXCLUSIVE OR gate. 

EC 702: Quad 2-input NOR gate used as OR gate and Schmitt 
trigger. 

EC 773: Dual JK Master Slave Elip-flop used as shift 
register, 

are readily available, they are not given here, 

MD 91 SB ; Dual NPN silicon annular transistors designed 
for ultrahigh frequency differential amplifier applications, 
requiring a matched pair of transistors with a hi^ degree 
of parameter uniformity under varying environmental 

conditions. 



'^<3 Pin conne^Dtions jBcttom 


W t 

t 



/ 

0 



Pins 


4 and 8 'are 


Maximum ratings; 


Rating 

Symhol 

Value 

Collector Erriitter Volt' 
age 

Y 

XBO 

15 

Collector Base Voltage 

^CB 

30 

Emitter Base Voltage 

^EB 

5 

Collector current 

o 

H 

50 


Pyn.'-imic characteristics i Symhol Min Max 
Current Gain Bandwidth 

product ( I^=4iBxi dc, 600 

''^CE" V dc, f = 100 MHz) 


Output capacitance 

V^.g= 10 V dc, Ig=0,f=140KHz 

Vc3=0Ig=0 f=140KHz 

Input capacitance 
{Y^^=0,5Y dc, 1^=0, f=140KHz) 
Noise figure 

(1^=1 mn dc, V.„=6V dc, f=60 


1.7 


3.0 


2.0 


6.0 


omitted. 

Unit 

Y dc 

Y dc 

Y dc 
mA dc 

Unit 

MHz 

pP 

pP 

dB 



r i 
* s 


YhiV} 


Matching characteristics Symbol 


Min Max Unit 


U.C. current Gain- Ratio 


(I^= l!mi dc, Vqjj= 5V dc ) 


0.8 1,0 


Base voltage differential 


Vt 


(I^=1inA dc, = 5Y d.c. ) ' 


CE 


10 m7 dc 


Base voltage differential 
change 

(I^ = Irmi dc, Y_^=5V dc , tt n 

’ CE V p) 20 uV/o„ 

•T.= -55 to + 125°c ) — gfi±- C 

2N3638 Bair child PUP high current switches. High Beta 
hpg 100 (mim) @ =50 mii'. High current up to 

5.0QrriA . 

Maximum ratings ; Storage temperature -55 °C to + 125®C. 


Operating junction temperature + 125®C maximum. 


Maximum power -dissipation 

0.7 watt. 

Maximum voltage and current 


Vq^o Collector to Base Yoltage 

-25 Yolts 

"^CES Collector to emitter voltage 

-25 volts. 

Yg^j.^ Emitter to Base voltage 

-4.0 volts 

Collector current 

500mA. 


/IA7980 : Pair child double balanced modulator Demodulator 


chip 
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S cheraati c diagram 



Maximum ratings : 

Internal power dissipation 500 mW 

Applied voltage (Note X) 30Y 

Differential input signal (¥^-¥g) + 5.0T 

Differential input signal +'5.0V 

Input signal (72“'^-] > 5.07 

Bias current I^ 


12mA 



Op'-rating temperature range -65° G to +150®C 

Note X; V..>ltage applied between pins 6-7, 8-1, 9-7, 


9-S, 7-4, 7-1, 8-4, 6-3, 2-5, 3-5. 
Electrical characteristics: 


Transadmittance bandwidth 

R^=50 ohms 


300 MHz 

Input resistance 

f=5.0MHs 




Y^-Vj:^=0.57dc 


200IA. 

Input capacitance 

f=5.0MHz 




V^-Vg=0.5V dc 


2.0 pP 

Input bias current; 


Min 

12 

syp. 

25 /UA 

Input bias current; 

(I^+Ig)/2 

12 

25 ;uA 

Input off-set current; 


0.7 

5.0 pA 

Input offset current : 

(ly-Ig) 

0.7 

5.0 p.A 

+ ve supply current ; 

( 

2.0 

3.0 mA 

- ve supply current 

^10 

3.0 

4.0 mA 

Power dissipation 



33 m.¥ 



